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molli wrote, “The last Avord will however only be said 
after a complete revision of all the genera of Cheilan- 
theae, which, as usually construed, are certainly neither 
naturally nor conveniently classified.” And now we 
have lost the man best qualified for such a revision. 

University of California. 


The Habitat of Diellia 

\V. II. Wagner, Jr. 

The Hawaiian fern genus Diellia has been beset with 
problems for the taxonomist and morphologist for many 
years. Doubts have been expressed repeatedly by 
ous authorities as to whether its 


vari- 


“species,” eight in all, 


excessive 


have any real validity. Its generic relatiomships hav. 
been interpreted as being with the pteroid ferns (espe¬ 
cially Lindsaea), the davallioid ferns (Davallia, Ilumata, 
and Nephrolepis), and more recently with the asplenioid 
fe^ns, Asplenium and Loxoscaphe. These w’ide di.screp- 
ancies in interpretation have been based on the sorus 
structure, the frond habit, and scales. 

Underlying these problems has been the 
scarcity of materials of this genus in herbaria, and in na¬ 
ture. It is generally believed to be on the verge of ex- 
tinction. Modern, complete collections are few, and 
most of our ideas of the diversity within the genus are 
based on isolated fragments collected in the period 1850- 
1880. The most recent attempt to study Diellia was 
made by the late Dr. Frances G. Smith whose report was 
briefly reviewed by Mr. Weatherby.* Dr. Smith con¬ 
cluded from her lack of success in finding materials in 
the field and in aligning what specimens did exist in her¬ 
baria that the problems of this genus might never be 

' This Journal 25: 103. 104. 1935. 
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settled and that Diellia was dying out.'^ Therefore, in 
1947 and again in 1949, investigations of this genus were 
made under auspices of the University of California De¬ 
partment of Botany with the cooperation of Dr. H. St. 
John of the University of Hawaii and Miss Marie C. 
Neal of the B. P. Bishop Museum. Dr. H. Tj. Lyon has 
kindlj' contributed considerable information. In view 
of the rarity of the genus, it is believed that this sum¬ 
mary of results in getting information on its occur¬ 


rence in nature will be a contribution to our knowledge 
of these peculiar Plawaiian ferns. 

Few herbarium sheets made before 1900 give locali¬ 
ties; of modern ones only few include data complete 
enough to guide the collector to appropriate habitats. 
1 he literature is usually vague or misleading regarding 
habitats. Brackenridge, who described the genus in 

for Diclhu cTccto- the habitat *^in mountain 
forests of the western division of Maui”; for 7). falcata, 
“Kaala Mountains, Oahu . . ., on open and dry rocky 
ridges; rare”; and /). pttmila, “Oahu . . ., in the crev¬ 
ices of rocks; rare.” In 1867, Mann gave the habitat of 
D. Mannii (as a Microlepia) as “Waimea, Kauai, 2000- 
3000 ft.” This species has not been found since 1900, 
but the altitudes given suggest it was a fern of the arid 
viestern plateau region of Kauai, well below the rain- 

P .A, C l ... 


rt is given this belief by IlillebraiuUs 


addition in 1888 of Halemanu, Kauai, as a locality. 

That this spectacular fern with fronds 4-5 times pinnate 

and stipes of shiny dark-purple was uncommon even 

hen IS suggested by Diel’s reference to it only 14 vears 
later as a “Seltenheit Kauais.” 

For nielha AUiandrir (as DavaUia) LidRate in 1873 
gave Ha loakala, 3,000 to 4,000 ft,” and Hillebrand 

Diollia and its variations R n u 
10 , Xo. 16: 1—22. 1934 ^ ^ Museum Occ*. Papers 
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(calling it Lindsaea) later added “northern slope.” 
But to the investigator seeking the exact spot, it would 
have been necessary to refer to a popular book, “Alo¬ 
ha! , published in 1879 by A. L. Chaney. Here, in dis¬ 
cussing the prevalent sport of the day—fern-hunting _ 

the writer revealed the exact gulch (p. 253). P^urther 
habitat notes on 7). pumila are confusing; Bailey said it 
grew on the “damp .side of gulches” in 1883, and Ilille- 
brand in 1888 called its habitat “exposed cliffs.” Rock 
in 1913 said that Diellia has several species peculiar to 

Kauai, as D. centifoha, D. laciniafa, and D. Knudnanii. 
which belong to the swanip^> 


region. 


MacCaughev in 


forests on the mountain slopes which lie between 


3000-5000 




t ( 


1918 included Diellio, in his third class, “species which 
are characteristic of the middle forest zone—the rain- 

1800 

D. erecta was in his fourth class, 
a region oi torrential rain,” but D. pumila and D. fal- 
cata were ‘ ‘ distinctly xerophytic. ’’ The.se conflicting re¬ 
ports actually give no real picture of the habitat of 
ThelUa. For some of them there is no evidence at all. 
It is my belief that all of the “species” of this genus 
occur or occurred in the same basic type of habitat. 

his is concluded from a study of ten localities on four 
islands, and a compilation of what accurate data are on 
abels. Only one description of a habitat known to me 
faives a clear picture, that of C. G. Munro on the island 

of Lanai, quoted by Smith. A general description of 
the occurrence of Diellia follows. 

Dielha is endemic to the larger Hawaiian islands. A 
ern named in this genus, D. Browtui E. Brown from 
the Marque.sas has since proved to be a Nephrolepis. 

sing a broad species interpretation and construing D. 
erecta to include such forms as D. Alexanclri, D. pumila, 
CBntifolia, and D. lacvmaia, then it is a polymorphic 
species known from the islands of Kauai, Oahu, Molokai, 
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Typical Biellia habitat, Mahanaloa Valley, Kauai 
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Lanai, Maui, and Hawaii. On Kauai D. Mannii (in¬ 
cluding D. Kynidsenii as the juvenile form) and an ap¬ 
parently undescribed species found in 1947-49 are both 


endemics. Oahu has 
cata, as an endemic, 
altitude from 1250 to 3700 ft. 


he one remaining species, D. fal- 
Localities known today range in 

All of the stations are 


in more or le.ss arid regions, 
isohyet lines of the islands shows that annual rainfall 


Comparison with maps of 


at 



localities ranges from about 35 to 80 inches. 


Temperature estimates based on Weather Bureau records 
from stations at different altitudes would range from 70'’ 
to 62° F. with increasing elevation. Many of the locali¬ 
ties lie in Ripperton and Hosaka’s “Zone C,” an area 
running to a maximum of 4000 ft., with a natural cover 
of “Mixed open forests and shrubs.’’ Two stations on 
Molokai and two on Maui are in their “Zone D,“ aii 
area of shrub and closed forest with 60 or more inches of 

I'ain. Most localities are on lee sides of mountains, and 

# 

those facing northeast toward the trades are protected by 

other mountains lying windward which cut down rain- 
f al 1. 


Within 



relatively arid regions, 


this genus is 


confined usually to steep gi^lch sides {PI. 2). In num¬ 
bers of plants, a given locality may have from one or 
several to thousands, but the populations are always 
local or “spotty” and usually small. The plants are 
inconspicuous and resemble casually such ferns as Neph- 
^olepis^ Asplenium, and Doodia. A typical 


gulch or 


ean3'on where Dielha occurs is one with sides more or 


le.ss wooded or shrub-covered and sloping from nearly 
vertically to about 30° or 40°. The stream bed at the 
bottom is u.sually dry or at least without flowing water 
niost of the year. In all eases the soil is somewhat 
rocky, the particles of rock ranging in size from less 
than a centimeter to three or four feet in diameter. 


r 
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Above: Diellia Alexandri, growing on shaded rock shelf, 

E. Maui (photograph by John B. Bonsey) 

Below : Diellia palcata, growing on open soil, Oahu 

(photograph by Charles E. St. John) 
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^ c^)nimonl^ tonnd fi^Fowing directly on rock 
surfaces {PI. 3) in crevices or ledges, or on open soil 
{PI. 3). The rock is mostly of a soft aa type. The 
soil reaction in all such places tested (with a LalVIotte 


Soil ‘‘Teskit”) Avas of pH 7.0-8.0. When the plants 

on soil, this is always loose, drv, and granu- 
lar, i.e. tends to hold together in small lumps. It ap¬ 
pears to be well aerated, with quick drainage. 

The plants grow in the shadow of overhead trees or 
smaller plants. Aleurites moluccana, the kukui; Metro- 
sideros polymorpha, the lehua; Psidium {luayava. guava; 
and Acacia Koa, the koa, are commonly associated trees. 
Others reported are Pisoivia (Munro) and Bobea (Deg- 
ener). Of .smaller plants, Eiipatorium adenophorum, 
the paniakane, is an especially common provider of shade 
for Diellia erecta and its forms on Molokai and in east 
Maui. On Oahu a coarse grass, Eragrostis sp. {Wagner 
o801) provides shade on open hillsides of the western 
side of the Waianae Range for a tiny form of Diellia. 
In no case Avere plants found exposed to full sunlight. 

Where Diellia occurs a AmrietA' of other ferns, to be 
discussed, as well as floAvering plants make up the un¬ 
derstory. Toward the bottoms of the gulches the un¬ 
derstory becomes increasingh* deiise as the amount of 


soil water increases and shade becomes deeper. In the 
gulch bottoms themselves such ferns as Athyriuin spp. 
and Pteris excelsa, not found on the slopes, form dense 
ground covers. At the tops of the slopes, on the con¬ 
trary, the situation is u.sualh' .so di'A' and exposed that 
ew ferns other than bracken are found. Diellia usually 
exists betAA'een these extremes, and the level on the sides 
et gulches at which its species attain their best deA'elop- 
uient is usually in a broad horizontal baud Avith its cen- 
rer line halfAvay up the slope. JuA’enile plants are often 
seen, and occasionalh’ adults, on rocks or soil banks 
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( 1. J) at the bottoms of gulches where these are rather 
open, but It was discovered that if one climbed the 
slopes (mostly north-facing ones) from 20 to 150 feet 

a ove these plants that more numerous and older iiidi- 
A iciUcils would bo rovculod. 

All of the habitats showed disturbance, and this ap¬ 
pears to be very important. Although plants were fre- 
qjntly seen on bare or slightly mossy rock surfaces of 

ivey permanent boulders or rock outcrops (PI 3) 
a plants on soil surfaces were found in disturbed places 

TfZZ temporarily free from competition 

of the other understory plants. Presumably in most of 

matelv^rer^ the common understory plants will ulti- 

CO on.es „t .Ms ,en„s found at Pun Ko.ekole MoTokai 

fhe la™ de?? oriinated in 

established it If '‘P^tormm adenopharum has since 

csiaDiisQed itself on the i ^ ^ 

plants of DielUa A simiMe b ‘’’’‘’r 

bv tt ..0 nt r, 30 feet, uas near 

ai ’Paaiki a^Kl M ’ T ’’*'*''* Sifations 

I aaiKi and Mahanaloa Vallp\’« i tx , 

Gulch (PI. iM|,M.ea 


showed a greater oi 



1 ass, Oahu, similarly 
movement of rocks and .soil 


down the steen slone._.. or rocks and .soil 

Koing on sporadiL Iv 

soil and Zk surface Th ‘‘''T""''® 

places is such that the coMeen"''* T*"’'" 
branches and roots of tree * *“ 

slope along with the readL^'^ri 

Situations like this in th ' ■ ‘'oek.s and soil. 

very likely provMed h ' 

ten,porari{;.‘iree of 0 eV 

hiing uu lava «ou.s su::rtho::^''i:^,-- :r- 
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A 


trict, Hawaii, where G. W. Russ found this plant, of¬ 
fered natural habitats for Diellia. 

In modern times, however, new surfaces may be 
cleared olf locally by activities of cattle or goats, or by 
maintenance of foot- or horse-trails in wooded gulches. 
A number of collections illustrate this: Dr. H. L. Lyon 
kindly informed me that cattle paths traversed the area 
where he found Diellia falcata at Makaleha, Oahu. A 


specimen of C. G. Munro from Lanai of D. erect a (B. P. 
Bishop Museum) is labeled “near waterhole,and a col¬ 
lection of Degener and Topping from near Kawaihapai, 
Oahu, is labeled as coming from “moist rocks in arid 
woods near watering trough. ’ ’ In the period Avhen most 
of the collections of this genus {D. Mannii, D. laciniata, 
D. Alexandri, D. ccntifoha, D. Knudsenii) were made 
around Halemanu, Kauai, by Knud.sen about 1875, cattle 
were numerous there, and travel was made along horse- 
trails. It seems very probable that this enabled Diellia 
to grow at that time in the ravines there, in places now 
once again grown over since the cattle Avere removed 
years ago. More permanent native vegetation as well as 
various exotics have now crowded out Diellia at Hale- 
nianu and Kokee. At Piiholo, Maui, and Puu Kolekole, 
Molokai, cattle and lyoat trails 


criss-cross 


along 


the 


slopes and the majority of the plants found at the.se 
places occurred under these disturbed conditions. At 


two spots near Puu Kolekole where fences cross the 
wooded or shrubby gulches obliquely, trails of cattle 
and goats following the fences toward water-holes at the 
gulch bottoms increased to a large number and here 
plants were very numerous, especially immature ones 
\Dl. 4). Maintaining foot-trails through wooded gulches 
has the same effect. At Kahuaawi Gulch, Molokai, the 

large plants seen were on low boulders just beside 
a foot-trail which had been kept up for nine years; a 
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Sporelings of Diellia erecta on dry dirt bank, Molokai 
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careful search in the understory nearby revealed no 
Diellia, apparently because the ground cover of Nephro- 
lepis (particularly) and other ferns and flowering plants 
was too dense. 

Thus, temporarily disturbed areas have proved to be 
the usual habitat, and the sources of this disturbance 
are in the following categories: (1) by natural rock 
slides or avalanches, and decaying aa flows, (2) by de¬ 
struction of understory cover and induced rock slides 

%* 

(a) from domestic or feral animals, and (b) by man¬ 
made trails. 


Usually other fern genera are not growing immediately 
with Diellia, but a number of ferns regularly occur near 
it- I found it convenient to use these associated ferns as 
indicators” in seeking localities for Diellia, with rec¬ 
ognition of possible fallacies in such a procedure. These 
ferns were Nephrolepis exaltata, Doodia Kunthiana, Do- 
I’yopteris spp., Asplenium Macraei, A. Adiantuw-nigru'ni, 
Phaiverophlehia caryotidea, Microlepia strigosa, and the 
Pteris cretica comple.x. The ubiquitous Psilotnm nudum 
IS almost always near by, and such spleen worts as Asple- 
mum unilaterale, A. horridum, A. enatum, A. contiguuni, 
snd A. acuminatum are occasionally on the same slopes. 
Each of these ferns, to be sure, has its own .specific tol¬ 
erance ranges for factors of the Hawaiian environment: 
lor instance, while Nephrolepis exaltata and Asplenium 
unilaterale extend into the wet forest, A. Adiantum- 
mgruni and the species and forms of Doryopteris are 
confined strictly to the arid regions. Asplenium Ma- 
ciaei, Phanerophlehia caryotidea, and the group of 
Pteris cretica .seem to approach Diellia the most closely. 
Somewhere in the complex overlap of the various en¬ 
vironmental requirements of all these ferns listed is the 
f.vpical physiological situation for Diellia, and I believe 
that any situation posse.ssing the physical features de- 
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scribed earlier, and supporting most of the ferns listed 
above, should be investigated as a likely habitat for this 
genus anywhere in the Hawaiian Islands. 

From this summarv it mav be concluded that the habi- 
tat of Diellia is a transient one, both edaphically and 
biotically, which occurs constantly but sporadically, both 
in time and area, through the steep and dryer wooded 
gulches of the Hawaiian Islands. It may be surmised 
that the apparent rarity of the genus is due to the rela¬ 
tively small areas that such suitable environments oc¬ 
cupy at any one time. The “disappearance” of the 
genus from some of its former localities may be due to 
the removal of disturbing influences which provided ap¬ 
propriate edaphic and biotic conditions. On the face of 
present evidence it does not follow that the genus is “on 
the verge of extinction.” Because its habitat is transi¬ 
tory, it has probably always been rare and local! Fur¬ 
ther field research may even reveal that Diellia Mannii 
still exists somewhere in western Kauai. 

Department of Botany, Unh’t.rsity of California. 

Xhe Problem of Generic Segregates in the 

Form-Genus Lycopodium* 

Bernard Boivin 

During the academic year of 1947-8, it was my privi¬ 
lege to work under the guidance of the late Mr. C. A. 
W eatherby as Harvard Research Associate and as a 
scholar of the John Simon Guggenheim Memorial Foun¬ 
dation. Those of us (nearly every North American Bot¬ 
anist) who have worked with or under AVeatherby or 
who have at one time or another asked him for help or 

1 Contribution No. 1002 Division of Botany and Plant Pathology 
Science Service, Dominion Department of Agriculture, Ottawa’ 
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